Targeting oncogenic transcriptional corepressor Nac1 POZ domain with conformationally constrained peptides by cyclization and stapling.
The oncogenic transcriptional corepressor Nac1 contains a conserved POZ protein-protein interaction module that mediates homodimerization or heterodimerization with itself or other POZ proteins. The dimerization has been recognized as an attractive target for cancer therapy. Here, we attempted to (i) discover those potential binding partners of Nac1 in the human genome, (ii) derive key peptide segments from the complex interface of Nac1 with its putative partners, and (iii) improve the peptide binding affinity to Nac1 POZ domain. In the procedure, Nac1 POZ dimerization with 136 human POZ domains was modeled, simulated and analyzed at atomic level to elucidate structural basis, energetic property and dynamics behavior. Two hotspot regions, namely α1-helix and α2/α3-hairpin, at the dimerization interface were identified that are responsible for stabilizing the formed POZ-POZ dimer complexes. The α1-helix and α2/α3-hairpin were stripped from the interface to derive their respective isolated SIP peptides, which, however, exhibited a large flexibility and intrinsic disorder in free state, and thus would incur a considerable penalty upon rebinding to Nac1 POZ domain. By carefully examining the natively folded structures of α1-helix and α2/α3-hairpin in protein context and their interaction modes with the domain, we rationally designed a hydrocarbon bridge and a disulfide bond separately for the two peptides in order to constrain their conformational flexibility in free state, thus largely minimizing the flexibility penalty. Consequently, three α1-helix peptides derived from Nac1, Miz1 and Slx4 were stapled by all-hydrocarbon bridge, while four α2/α3-hairpin peptides derived from Nac1, Bacd1, Klh28 and Mynn were cyclized by disulfide bond. Binding affinity analysis revealed that, as designed, these peptides were converted from non- or weak binders to moderate or good binders of Nac1 POZ domain upon the stapling and cyclization.